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©  Vibration  driven  motor. 
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©  A  vibration  driven  motor  including  a  vibration 
member  for  generating  a  vibration  therein  as  a  driv- 
ing  force,  and  a  contact  member  in  press  contact 
with  the  vibration  member,  wherein  a  vibration  gen- 
erated  in  the  vibration  member  causes  relative 
movement  between  the  vibration  member  and  the 
contact  member.  The  vibration  member  includes  an 
elastic  contact  portion,  and  the  contact  member  in- 
cludes  an  elastic  contact  portion  in  contact  with  the 
contact  portion  of  the  vibration  member. 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  an  ultrasonic 
vibration  driven  motor  including  a  bar-shaped  vibra- 
tion  member  and  a  movable  body  press-contacted 
to  the  vibration  member.  Electric  energy  is  sup- 
plied  to  an  electric-mechanical  energy  converting 
element  provided  on  the  bar-shaped  vibration 
member,  such  that  surface  portions  of  the  vibration 
member  achieve  circular  or  elliptical  motions.  In 
this  manner,  the  movable  body  press-contacted  to 
the  vibration  member  is  friction-driven,  thus  gen- 
erating  motor  output.  Such  an  ultrasonic  vibration 
driven  motor  achieves  quiet  operation  and  is  highly 
responsive.  Therefore,  it  has  particular  utility  when 
used  to  operate  a  camera  lens  system,  and  further 
may  be  used  in  a  wider  variety  of  fields  and 
apparatuses,  such  as  information  processing  ap- 
paratuses. 

Description  of  the  Related  Art 

Fig.  2  illustrates  a  stack  arrangement  of  piezo- 
electric  elements  and  an  electric  polarization  pat- 
tern  of  the  piezoelectric  elements  used  in  a  bar- 
shaped  ultrasonic  vibration  driven  motor 
(hereinafter,  referred  to  as  "bar-shaped  vibration 
driven  motor").  As  indicated  in  Fig.  2,  each  piezo- 
electric  element  is  divided  into  halves  by  a  portion 
located  at  a  center  line,  and  the  two  halves  are 
oppositely  polarized. 

The  five  piezoelectric  elements  consist  of  two 
A-phase  elements,  two  B-phase  elements  and  one 
S-phase  element.  The  A-phase  and  B-phase  piezo- 
electric  elements  are  arranged  so  as  to  have  a  90  ° 
phase  difference.  The  S-phase  piezoelectric  ele- 
ment  is  disposed  at  the  bottom  of  the  stack  and  is 
used  to  detect  a  resonance  vibration.  Although  not 
shown  in  Fig.  2,  when  assembled,  electrode  plates 
are  inserted  between  the  piezoelectric  elements. 

Operation  of  the  bar-shaped  vibration  driven 
motor  will  be  described  with  reference  to  Fig.  3. 

When  only  the  A-phase  piezoelectric  elements 
are  supplied  with  AC  voltage,  they  repeatedly  con- 
tract  and  expand  and,  thus,  a  vibration  member  1 
comprising  vibration  member  components  1c,  1d 
achieves  a  primary  bending  principal  vibration  in  a 
right-left  direction  (as  shown  in  Fig.  3).  Similarly, 
when  only  the  B-phase  piezoelectric  elements  are 
supplied  with  AC  voltage,  the  vibration  member  1 
vibrates  in  a  plane  perpendicular  to  the  plane  of  the 
sheet.  If  the  vibration  by  the  A-phase  and  the 
vibration  by  the  B-phase  are  provided  with  a  90° 
phase  difference,  then  the  vibration  member  1 
achieves  clockwise  or  counterclockwise  circular 
motion  about  the  lengthwise  axis  of  the  vibration 

member. 
The  vibration  member  1  has  a  circumferential 

groove  1a  for  enhancing  displacement  caused  by 
the  vibration,  such  that  the  end  portion  of  the 

5  vibration  member  oscillates  in  a  circular  motion,  as 
indicated  in  Fig.  3.  When  viewed  from  above  the 
contact  surface  (the  top  surface  of  the  vibration 
member  1),  this  oscillating  vibration  is  regarded  as 
a  single-wave  progressive  wave.  If  a  rotor  2  having 

io  a  contact  spring  portion  is  press-contacted  to  the 
vibration  member  1  at  the  top  end  thereof,  then  the 
rotor  contacts  a  portion  on  the  top  end  correspond- 
ing  to  the  crest  of  the  progressive  wave,  and  is 
thereby  driven  to  rotate  in  a  direction  opposite  the 

75  direction  of  the  circular  oscillation  of  the  vibration 
member  1  .  A  drive  output  is  extracted  by  a  gear  4 
provided  around  a  ball  bearing  3  which  is  provided 
at  an  upper  portion  of  the  rotor  2. 

In  general,  a  bar-shaped  vibration  driven  motor 
20  is  designed  on  the  basis  of  the  FEM  analysis  of  the 

characteristic  mode  of  a  combined  assembly  of  the 
vibration  member  1,  a  supporting  pin  shaft  5  (the 
shaft  end)  and  a  flange  portion  6,  so  as  to  reduce 
the  vibration  amplitude  of  the  flange  portion  6. 

25  Therefore,  bar-shaped  vibration  driven  motors  ex- 
perience  considerably  less  supporting  loss,  com- 
pared  with  ring-shaped  vibration  driven  motors. 

A  rotor  contact  spring  7  is  formed  in  a  lower 
portion  of  a  rotor  main  ring  2a  of  the  rotor  2  of  the 

30  bar-shaped  motor  driven  motor.  The  shape  of  the 
rotor  contact  spring  7  provides  elasticity.  Also,  like 
the  rotor  contact  spring  of  a  ring-shaped  vibration 
driven  motor,  the  rotor  contact  spring  7  of  the  bar- 
shaped  vibration  motor  is  designed  to  have  a  natu- 

35  ral  frequency  substantially  higher  than  the  excita- 
tion  frequency  of  the  vibration  member  1,  and 
thereby  follows  the  vibration.  Further,  the  rotor 
main  ring  2a  has  a  large  inertial  mass  and,  there- 
fore,  remains  unexcited  even  when  the  vibration 

40  member  1  is  excited. 
Advantages  of  a  vibration  driven  motor  include 

a  small-size  body  and  a  large  torque  output.  Also, 
a  vibration  driven  motor  normally  requires  no 
speed-reducing  gear  or,  if  such  a  gear  is  required, 

45  then  it  generally  requires  only  a  small  speed  reduc- 
tion  ratio.  Therefore,  such  a  motor  has  particular 
utility  in  a  small-size  apparatus  that  must  achieve 
quiet  operation.  However,  in  such  applications,  fur- 
ther  size  reduction  and  torque  enhancement  in 

50  vibration  driven  motors  are  desired. 
To  achieve  a  large  torque  output,  it  is  desirable 

to  provide  the  rotor  and  the  vibration  member  with 
large  vibration  diameters. 

Further,  to  output  a  large  torque,  the  contact 
55  pressure  may  be  increased.  However,  because  the 

component  parts  of  the  rotor  supporting  system 
and  the  like  are  inevitably  made  smaller  and  thin- 
ner  as  a  result  of  the  size  reduction  of  the  motor,  a 
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large  contact  pressure  between  the  rotor  and  the 
vibration  member  is  likely  to  deform  such  compo- 
nent  parts.  The  deformation  of  such  component 
parts  will  result  in  degradation  of  the  performance 
of  the  motor,  for  example,  fluctuation  of  the  contact 
pressure  therebetween.  In  addition,  an  increase  in 
the  contact  pressure  may  well  reduce  the  service 
life  of  the  bearing. 

Therefore,  to  achieve  both  size  reduction  and 
torque  enhancement,  it  is  preferable  that  the  con- 
tact  portion  of  the  rotor  be  adjacent  to  the  out- 
ermost  periphery  of  the  rotor. 

To  reduce  sliding  loss,  the  rotor  contact  spring 
7  must  be  designed  to  substantially  prevent  un- 
desired  slippage,  that  is,  any  slippage  unnecessary 
for  driving. 

Part  of  such  undesired  slippage  is  radial  slip- 
page.  As  shown  in  Fig.  4,  the  vibration  member  1 
exhibits,  at  a  rotor  contacting  portion,  a  displace- 
ment  Az  in  the  axial  direction,  and  a  displacement 
Ar  in  the  radial  direction. 

In  a  conventional  vibration  driven  motor,  a  con- 
tact  spring  7  provided  on  the  rotor  2  is  formed  in 
the  shape  of  a  letter  "L",  as  shown  in  Fig.  5.  The 
"L"-shaped  contact  spring  7  pivotably  bends  sub- 
stantially  about  a  point  Ao,  so  as  to  achieve  dis- 
placements  Az  and  Ar  of  the  contact  portion  Po, 
thus  preventing  radial  slippage. 

However,  because  the  contact  portion  is  posi- 
tioned  at  a  location  radially  inward  from  the  out- 
ermost  periphery  of  the  rotor  2,  this  construction 
has  a  drawback  in  that  reduction  of  the  diameter  of 
the  rotor  2  may  be  limited. 

To  overcome  this  drawback,  a  rotor  contact 
spring  7  may  extend  outward  from  the  rotor  main 
ring  2a,  as  shown  in  Fig.  6.  However,  because  the 
direction  of  the  pivotable  bending  of  the  contact 
spring  7  about  a  point  Ai  ,  more  specifically,  the 
direction  of  the  displacement  of  the  contact  point 
Pi  ,  differs  greatly  from  the  direction  of  the  dis- 
placement  of  the  vibration  member,  it  is  difficult  in 
this  construction  to  provide  a  contact  spring  which 
prevents  radial  slippage  and  has  a  suitable  spring 
hardness  with  respect  to  the  axial  direction. 

A  construction  as  shown  in  Fig.  7  has  been 
proposed,  in  which  a  vibration  member  has  a  con- 
tact  spring  1b.  This  construction  facilitates  achiev- 
ing  the  coincidence  of  the  displacing  direction  of 
the  contact  portion  including  a  peripheral  point  P2, 
which  pivotably  moves  about  a  point  A2,  with  the 
displacing  direction  of  the  vibration  member,  there- 
by  eliminating  radial  slippage. 

However,  this  construction  has  drawbacks  as 
follows. 

The  contact  spring  1b  smoothly  contacts  the 
vibration  member  if  a  peripheral  point,  for  example, 
the  point  P2,  on  the  contact  spring  1b  is  displaced 
as  indicated  by  the  graph  in  Fig.  8,  where  fr  is  the 

driving  frequency.  To  achieve  such  displacement, 
the  contact  spring  1b  must  be  responsive  to  a 
frequency  at  least  twice  the  motor  driving  frequen- 
cy  and,  preferably,  an  even  higher  frequency. 

5  For  the  sake  of  size  reduction,  the  vibration 
member  preferably  has  a  reduced  axial  length. 
However,  a  reduction  in  the  axial  length  increases 
the  driving  frequency.  Therefore,  in  order  to  main- 
tain  a  low-speed  rotation  of  the  vibration  driven 

10  motor,  which  is  one  of  the  features  thereof,  despite 
the  reduced  axial  length,  the  amplitude  must  be 
restricted  to  a  small  range,  resulting  in  strict  toler- 
ance  requirements  in  machining  conditions,  such 
as  surface  precision. 

15  To  reduce  the  characteristic  frequency  of  the 
vibration  member  and,  thereby,  to  curb  the  above- 
stated  drawbacks,  a  material  which  transmits  sound 
at  a  low  speed,  for  example,  brass,  is  convention- 
ally  used  for  a  vibration  member  including  a  con- 

20  tact  spring.  However,  such  a  material  degrades  the 
frequency  responsiveness  of  the  contact  spring, 
and  thus  fails  to  achieve  smooth  contact  with  the 
rotor.  Fig.  9  shows  the  displacement  pattern  of  a 
contact  point  P2  on  the  contact  spring,  which  is 

25  experimentally  determined.  The  displacement  pat- 
tern  is  significantly  different  from  the  desirable  pat- 
tern  shown  in  Fig.  8.  The  pattern  shown  in  Fig.  9 
indicates  that  the  rotor  jumps  and  produces  sounds 
during  operation. 

30  To  overcome  this  drawback,  a  conventional 
contact  spring  is  formed  of  a  material  which  trans- 
mits  sound  at  a  high  speed.  However,  if  a  contact 
spring  1b  formed  of  a  fast  sound  transmission 
material,  such  as  aluminium,  is  connected  to  a 

35  vibration  member  1  as  shown  in  Fig.  10,  then  the 
vibration  is  considerably  damped  at  the  connecting 
portion.  Therefore,  this  construction  suffers  deterio- 
ration  in  motor  efficiency  as  well  as  an  increase  in 
production  cost.  In  another  conventional  construc- 

40  tion  as  shown  in  Fig.  7,  aluminium  or  the  like  is 
used  to  form  a  component  1c  of  the  vibration 
member  1.  However,  in  this  construction,  because 
the  driving  frequency  of  the  vibration  member  is 
increased,  the  required  frequency  responsiveness 

45  of  the  contact  spring  becomes  severe  and  there- 
fore  difficult  to  achieve.  Therefore,  this  construction 
fails  to  achieve  substantial  improvements  or  advan- 
tages. 

50  SUMMARY  OF  THE  INVENTION 

An  object  of  the  present  invention  is  to  provide 
a  vibration  driven  motor  which  solves  the  above- 
stated  problems  of  the  conventional  art. 

55  Another  object  of  the  invention  is  to  provide  a 
quiet  camera  system  employing  a  vibration  driven 
motor. 

3 
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Accordingly,  one  aspect  of  the  invention  pro- 
vides  a  vibration  driven  motor  wherein  a  rotor  has  a 
springy  contact  portion  having  an  elasticity  in  the 
axial  direction  of  a  vibration  member,  and  wherein 
the  vibration  member  has  a  springy  contact  portion 
which  is  in  contact  with  the  contact  portion  of  the 
rotor,  and  which  has  an  elasticity  in  the  radial 
direction  of  the  vibration  member. 

Another  aspect  of  the  present  invention  pro- 
vides  a  camera  system  employing  the  above-de- 
scribed  vibration  driven  motor  as  a  driving  source. 

In  one  aspect,  the  present  invention  relates  to  a 
vibration  driven  motor  including  a  vibration  member 
for  generating  a  vibration  therein  as  a  driving  force, 
the  vibration  member  including  an  elastic  contact 
portion,  and  a  contact  member  in  press  contact 
with  the  vibration  member,  the  contact  member 
including  an  elastic  contact  portion  in  contact  with 
the  elastic  contact  portion  of  the  vibration  member, 
wherein  a  vibration  generated  in  the  vibration  mem- 
ber  creates  relative  movement  between  the  vibra- 
tion  member  and  the  contact  member. 

In  another  aspect,  the  present  invention  relates 
to  a  vibration  wave  driven  motor  including  a  contact 
member  having  an  elastic  contact  portion,  and  a 
vibrating  member  having  an  elastic  contact  portion 
in  press  contact  with  the  elastic  contact  portion  of 
the  contact  member.  An  electromechanical  energy 
conversion  member  generates  at  least  two  vibration 
waves  having  a  phase  difference  in  time  and  space 
therebetween  in  the  vibrating  member  in  response 
to  an  applied  electrical  signal,  wherein  a  combined 
vibration  of  the  two  vibrations  functions  as  a  driving 
force  for  the  motor. 

In  yet  another  aspect,  the  present  invention 
relates  to  a  vibration  wave  driven  apparatus  includ- 
ing  a  contact  member  including  a  contact  portion 
having  a  spring  characteristic,  and  a  vibrating 
member  including  a  contact  portion  having  a  spring 
characteristic  in  press  contact  with  the  contact  por- 
tion  of  the  contact  member.  An  electromechanical 
energy  conversion  member  generates  at  least  two 
vibration  waves  having  a  phase  difference  in  time 
and  space  therebetween  in  the  vibrating  member  in 
response  to  an  applied  electrical  signal,  wherein  a 
combined  vibration  of  the  two  vibrations  functions 
as  a  driving  force  for  the  apparatus. 

Further  objects,  features  and  advantages  of  the 
present  invention  will  become  apparent  from  the 
following  description  of  the  preferred  embodiments 
with  reference  to  the  attached  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  illustrates  a  first  embodiment  of  the 
vibration  motor  of  the  present  invention. 

Fig.  2  is  an  exploded  perspective  view  of  pi- 
ezoelectric  elements,  illustrating  the  polarization 

pattern  thereof. 
Fig.  3  illustrates  a  conventional  vibration  driven 

motor. 
Fig.  4  illustrates  the  driving  vibration  mode  of  a 

5  bar-shaped  vibration  driven  motor. 
Fig.  5  illustrates  the  deformation  of  the  contact 

spring  of  the  rotor  in  a  conventional  vibration  driven 
motor. 

Fig.  6  illustrates  a  rotor  of  another  conventional 
io  vibration  driven  motor. 

Fig.  7  is  a  sectional  view  of  a  conventional  bar- 
shaped  vibration  driven  motor. 

Fig.  8  is  a  graph  indicating  the  contact  state  of 
a  rotor  of  a  conventional  vibration  driven  motor. 

is  Fig.  9  is  a  graph  indicating  the  actual  measure- 
ment  of  the  contact  state. 

Fig.  10  illustrates  a  conventional  construction  of 
a  vibration  member  in  which  a  vibration  member  is 
connected  to  a  contact  spring. 

20  Fig.  11  illustrates  a  second  embodiment  of  the 
vibration  driven  motor  of  the  present  invention. 

Fig.  12  illustrates  a  third  embodiment  of  the 
vibration  driven  motor  of  the  present  invention. 

Fig.  13  illustrates  a  fourth  embodiment  of  the 
25  vibration  driven  motor  of  the  present  invention. 

Figs  14(a)  to  14(c)  illustrate  a  fifth  embodiment 
of  the  vibration  driven  motor  of  the  present  inven- 
tion. 

Fig.  15  illustrates  a  sixth  embodiment  of  the 
30  vibration  driven  motor  of  the  present  invention. 

Fig.  16  is  a  sectional  view  of  a  lens  barrel  as 
an  example  of  a  system  employing  the  vibration 
driven  motor  of  the  sixth  embodiment  as  a  driving 
source. 

35 
DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

The  preferred  embodiments  of  the  invention 
40  will  be  described  hereinafter  with  reference  to  the 

drawings.  The  following  description  will  mainly  refer 
to  the  differences  between  these  embodiments  and 
conventional  vibration  driven  motors. 

Referring  to  Fig.  1,  in  the  first  embodiment,  a 
45  hollow  cylindrical  vibration  member  1  is  made  of 

brass  and  provided  with  an  annular  contact  spring 
1  b  formed  along  the  circumference  thereof.  A  rotor 
2  is  made  of  aluminum  and  provided  with  a  flange- 
like  spring  7c.  The  contact  spring  1b  has  a  large 

50  rigidity  in  an  axial  direction  of  the  vibration  member 
1  ,  and  the  spring  7c  has  a  large  rigidity  in  a  radial 
direction  of  the  vibration  member  1  .  Therefore,  the 
contact  spring  1b  and  the  contact  spring  7c  re- 
spectively  and  independently  determine  the  radial 

55  and  axial  spring  characteristics  of  the  contact  por- 
tion. 

Because  the  axial  length  of  the  spring  1b  and 
the  radial  length  of  the  spring  7c  can  be  reduced, 

4 
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the  frequency  responsiveness  can  be  enhanced. 
Because  the  springs  1b,  7c  have  simple 

shapes,  they  are  easy  to  design  and  machine. 
A  second  embodiment  will  be  described  with 

reference  to  Fig.  11.  In  the  second  embodiment,  a 
vibration  member  1  has  a  spring  1e  having  an 
elasticity  in  an  axial  direction  of  the  vibration  mem- 
ber  1,  and  a  rotor  2  has  a  spring  7d  having  an 
elasticity  in  a  radial  direction  of  the  vibration  mem- 
ber  1.  The  rotor  2  preferably  is  molded  of  resin, 
together  with  a  gear  2G  provided  on  a  side  thereof. 
The  inner  periphery  of  the  rotor  2  is  loosely  but 
directly  fitted  on  a  supporting  pin  5,  thus  forming  a 
sliding  bearing.  The  rotor  2  is  urged  onto  the 
vibration  member  1  by  a  cone-shaped  disc  spring 
8. 

The  springs  of  this  embodiment  are  provided  in 
an  arrangement  opposite  to  the  arrangement  of  the 
springs  in  the  first  embodiment.  That  is,  the  spring 
1e  of  the  vibration  member  1  and  the  spring  7c  of 
the  rotor  2  in  the  second  embodiment  correspond 
in  shape  to  the  spring  7c  of  the  rotor  2  and  the 
spring  1b  of  the  vibration  member  in  the  first 
embodiment,  respectively.  However,  the  second 
embodiment  achieves  generally  the  same  advan- 
tages  as  achieved  by  the  first  embodiment. 

The  third  embodiment  will  be  described  with 
reference  to  Fig.  12.  The  third  embodiment  com- 
prises  springs  designed  in  accordance  with  the 
displacing  directions  of  the  driving  vibration. 

A  vibration  member  has  a  flange-like  spring  1f 
extending  substantially  in  the  direction  of  the  dis- 
placement  of  the  vibration  member  1  in  a  plane 
including  the  axis  of  the  vibration  member  1.  The 
spring  1f  is  rigid  in  the  displacing  direction  and 
relatively  soft  or  resilient  in  a  direction  perpendicu- 
lar  to  the  displacing  direction. 

A  rotor  2  has  a  flange-like  spring  7e  extending 
substantially  perpendicular  to  the  flange-like  spring 
1f.  Therefore,  the  spring  7e  is  relatively  soft  in  the 
direction  of  the  displacement  of  the  vibration  mem- 
ber  1  and  rigid  in  the  direction  perpendicular  to  the 
displacement  direction. 

In  this  embodiment,  because  the  displacement 
that  the  spring  1f  of  the  vibration  member  1  needs 
to  follow  is  small,  the  resonance  frequency  can  be 
substantially  increased. 

Furthermore,  because  the  contact  portion  is 
inclined  or  tapered,  the  contact  portion  provides  an 
aligning  function. 

The  rotor  2  is  fitted  to  a  member  9  having  a 
motor  output  shaft  9a.  The  member  9  is  connected 
to  the  vibration  member  1  by  a  coil  spring  10,  by 
which  the  vibration  member  1  is  urged  onto  the 
rotor  2.  The  coil  spring  10  is  connected  to  the 
member  9  by  a  bearing  9b,  which  allows  the  mem- 
ber  9  to  rotate. 

Fig.  13  illustrates  a  fourth  embodiment  of  the 
present  invention  in  the  form  of  a  ring-shaped 
vibration  driven  motor.  Similarly  to  the  bar-shaped 
vibration  member,  a  point  on  the  surface  of  an 

5  annular  vibration  member  1  displaces  both  axially 
and  radially  during  the  planer  bending  vibration  of 
the  annular  vibration  member  1,  and  such  radial 
displacement  is  unnecessary  to  a  drive  operation  of 
the  rotor.  To  prevent  the  radial  displacement  from 

io  causing  slippage,  the  vibration  member  1  is  pro- 
vided  with  a  spring  1g. 

The  construction  and  operative  principles  as 
shown  in  Fig.  13  also  can  be  applied  to  a  linear 
motor,  wherein  the  vibration  member  is  formed  in 

is  an  elliptical  shape  having  a  linear  portion  onto 
which  a  member  is  pressed. 

Figs.  14(a)  to  14(c)  illustrate  a  fifth  embodiment 
in  which  a  bar-shaped  vibration  driven  motor  ac- 
cording  to  the  present  invention  is  applied  to  a 

20  linear  motor.  A  vibration  member  1  has  a  springy 
tip  1h  radially  extending  from  an  end  portion  of  the 
vibration  member  1.  The  springy  tip  1h  is  urged 
onto  a  springy  edge  portion  11a  horizontally  ex- 
tending  from  a  movable  member  11  of  a  linear 

25  slider.  Because  the  end  portion  of  the  vibration 
member  1  circularly  oscillates,  the  springy  tip  1h 
and  the  springy  edge  portion  11a  achieve  linear 
movement  relative  to  each  other,  thereby  linearly 
moving  the  movable  member  11.  Although  the  vi- 

30  bration  member  is  described  as  being  fixed  to  a 
fixing  member  in  the  embodiment  of  Fig.  14(b),  the 
vibration  member  1  may  be  fixed  to  a  portion  of  a 
linear  slider,  for  example,  the  movable  member, 
thereby  linearly  moving  the  vibration  member  1  . 

35  In  this  embodiment,  a  contact  point  P3  is  dis- 
placed  in  accordance  with  the  combination  of  dis- 
placement  components  Ar  and  Az.  The  component 
Az,  which  causes  unnecessary  slippage,  is  ab- 
sorbed  by  the  springy  tip  1h  of  the  vibration  mem- 

40  ber  1.  Fig.  14(c)  illustrates  a  modification  in  which  a 
movable  member  11  is  provided  with  a  springy 
edge  potion  11b  for  absorbing  the  displacement 
component  Az. 

Fig.  15  illustrates  a  sixth  embodiment  of  the 
45  present  invention,  which  is  similar  to  the  first  em- 

bodiment  shown  in  Fig.  1  but  further  improves  the 
frequency  responsiveness  of  the  contact  springs. 
Contact  springs  1  i  and  7f  of  a  vibration  member  1 
and  a  rotor  2,  respectively,  are  tapered  so  as  to 

50  become  narrower  toward  the  free  ends  thereof. 
Given  the  same  static  rigidities,  the  contact  springs 
1i,  7f  achieve  higher  resonance  frequency  than  the 
corresponding  contact  springs  of  the  first  embodi- 
ment. 

55  Fig.  16  illustrates  another  embodiment  of  the 
present  invention  in  which  the  vibration  driven  mo- 
tor  of  Fig.  15  is  used  as  a  driving  motor  for  a  lens 
barrel.  The  vibration  driven  motor  and  a  speed 

5 
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reducing  gear  device  22  are  connected  to  a  fixed 
barrel  21  of  the  lens  barrel.  The  output  gear  4  of 
the  vibration  motor  is  engaged  with  the  input  gear 
23  of  the  speed  reducing  gear  device  22.  The 
output  gear  24  of  the  speed  reducing  gear  device 
22  is  engaged  with  a  gear  portion  20a  formed  on 
the  outer  periphery  of  a  lens  supporting  member 
20.  When  the  vibration  driven  motor  is  operated, 
the  lens  supporting  member  20  is  rotated  about 
and  moved  along  the  optical  axis  by  means  of  the 
speed  reducing  gear  device  22,  thus  performing, 
for  example,  a  focusing  operation. 

As  described  above,  in  the  vibration  driven 
motor  of  the  present  invention,  the  vibration  mem- 
ber  and  the  rotor  (or  movable  member)  achieve 
desirable  contact  therebetween,  thus  facilitating 
both  size  reduction  and  torque  enhancement  of  a 
vibration  driven  motor. 

Furthermore,  because  the  vibration  driven  mo- 
tor  of  the  present  invention  comprises  different 
contact  springs  for  different  functions,  each  contact 
spring  can  be  designed  to  achieve  the  optimal 
springiness  for  its  individual  function,  thereby  facili- 
tating  the  design  of  the  motor  and  enhancing  the 
motor  efficiency. 

While  the  present  invention  has  been  de- 
scribed  with  reference  to  what  are  presently  con- 
sidered  to  be  the  preferred  embodiments,  it  is  to 
be  understood  that  the  invention  is  not  limited  to 
the  disclosed  embodiments.  To  the  contrary,  the 
invention  is  intended  to  cover  various  modifications 
and  equivalent  arrangements  included  within  the 
spirit  and  scope  of  the  appended  claims.  The 
scope  of  the  following  claims  is  to  be  accorded  the 
broadest  interpretation  so  as  to  encompass  all  such 
modifications  and  equivalent  structures  and  func- 
tions. 

A  vibration  driven  motor  including  a  vibration 
member  for  generating  a  vibration  therein  as  a 
driving  force,  and  a  contact  member  in  press  con- 
tact  with  the  vibration  member,  wherein  a  vibration 
generated  in  the  vibration  member  causes  relative 
movement  between  the  vibration  member  and  the 
contact  member.  The  vibration  member  includes 
an  elastic  contact  portion,  and  the  contact  member 
includes  an  elastic  contact  portion  in  contact  with 
the  contact  portion  of  the  vibration  member. 

Claims 

1.  A  vibration  driven  motor  comprising: 
a  vibration  member  for  generating  a  vibra- 

tion  therein  as  a  driving  force,  the  vibration 
member  including  an  elastic  contact  portion; 
and 

a  contact  member  in  press  contact  with 
said  vibration  member,  said  contact  member 
including  an  elastic  contact  portion  in  contact 

with  the  elastic  contact  portion  of  said  vibration 
member,  wherein  a  vibration  generated  in  the 
vibration  member  creates  relative  movement 
between  the  vibration  member  and  the  contact 

5  member. 

2.  A  vibration  driven  motor  according  to  Claim  1  , 
wherein  said  contact  portion  of  said  vibration 
member  is  elastically  displaced  in  a  first  direc- 

io  tion,  and  the  contact  portion  of  the  contact 
member  is  elastically  displaced  in  a  second 
direction  different  from  the  first  direction. 

3.  A  vibration  driven  motor  according  to  Claim  2, 
is  wherein  the  first  and  second  displacement  di- 

rections  of  the  respective  contact  portions  are 
substantially  perpendicular  to  each  other. 

4.  A  vibration  driven  motor  according  to  Claim  1  , 
20  wherein  one  of  said  contact  portions  is  dis- 

placed  in  a  radial  direction  of  said  vibration 
member  and  the  other  one  of  said  elastic  con- 
tact  portions  is  displaced  in  an  axial  direction 
of  said  vibration  member. 

25 
5.  A  vibration  driven  motor  according  to  Claim  2, 

wherein  one  of  said  contact  portions  is  dis- 
placed  in  a  radial  direction  of  said  vibration 
member  and  the  other  one  of  said  elastic  con- 

30  tact  portions  is  displaced  in  an  axial  direction 
of  said  vibration  member. 

6.  A  vibration  driven  motor  according  to  Claim  3, 
wherein  one  of  said  contact  portions  is  dis- 

35  placed  in  a  radial  direction  of  said  vibration 
member  and  the  other  one  of  said  elastic  con- 
tact  portions  is  displaced  in  an  axial  direction 
of  said  vibration  member. 

40  7.  A  vibration  driven  motor  according  to  Claim  3, 
wherein  the  direction  of  displacement  of  one  of 
said  contact  portions  is  substantially  perpen- 
dicular  to  the  direction  of  displacement  of  the 
other  one  of  said  contact  portions  in  a  plane 

45  including  the  axis  of  said  vibration  member 
and  the  displacement  direction  of  the  driving 
vibration. 

8.  A  vibration  driven  motor  according  to  any  one 
50  of  Claims  1  to  7,  wherein  at  least  one  of  said 

contact  portions  has  a  sectional  shape  in  which 
an  end  portion  is  narrower  than  a  base  portion, 
said  sectional  shape  being  taken  on  a  plane 
including  the  axis  of  said  vibration  driven  mo- 

55  tor. 

9.  An  apparatus  employing  as  a  driving  source  a 
vibration  driven  motor  according  to  any  one  of 

6 
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Claims  1  to  7. 

10.  An  apparatus  employing  as  a  driving  source  a 
vibration  driven  motor  according  to  claim  8. 

5 
11.  A  vibration  wave  driven  motor  comprising: 

a  contact  member  having  an  elastic  con- 
tact  portion; 

a  vibrating  member  having  an  elastic  con- 
tact  portion  in  press  contact  with  the  elastic  10 
contact  portion  of  said  contact  member;  and 

an  electromechanical  energy  conversion 
member  for  generating  at  least  two  vibration 
waves  having  a  phase  difference  in  time  and 
space  therebetween  in  said  vibrating  member  is 
in  response  to  an  applied  electrical  signal, 

wherein  a  combined  vibration  of  said  two 
vibrations  functions  as  a  driving  force  for  the 
motor. 

20 
12.  A  vibration  wave  driven  apparatus  comprising: 

a  contact  member  including  a  contact  por- 
tion  having  a  spring  characteristic; 

a  vibrating  member  including  a  contact 
portion  having  a  spring  characteristic  in  press  25 
contact  with  the  contact  portion  of  said  contact 
member;  and 

an  electromechanical  energy  conversion 
member  for  generating  at  least  two  vibration 
waves  having  a  phase  difference  in  time  and  30 
space  therebetween  in  said  vibrating  member 
in  response  to  an  applied  electrical  signal, 

wherein  a  combined  vibration  of  said  two 
vibrations  functions  as  a  driving  force  for  the 
apparatus.  35 

40 

45 

50 
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